began a focused campaign to promote Cardiovascular Health (CVH) in all Americans. The AHA identified 7 health and behavioral factors, including blood pressure (BP), total cholesterol level, blood glucose, body mass index, physical activity, healthy diet, and smoking status, that can be combined to generate an overall CVH score. 1 CVH scores are associated with heart failure, cardiovascular events, left ventricular characteristics, and many other health outcomes and quality of life measures in a variety of populations. [2] [3] [4] [5] Several of the individual components of CVH have been associated with endothelial function and erectile dysfunction, but whether or not the composite CVH score is associated with future erectile dysfunction has not been investigated. [6] [7] [8] [9] [10] Endothelial dysfunction, which can be identified as reduced flow-mediated dilation (FMD) of the brachial artery, is an early manifestation of cardiovascular disease (CVD) and often exists before overt disease is manifest. 11 Similarly, erectile dysfunction may also represent widespread vascular dysfunction, 12 and both erectile and endothelial dysfunction are associated with CVD. [12] [13] [14] Suboptimal FMD is related to erectile dysfunction, 12 and it has been suggested that improving endothelial function may result in improvements in erectile dysfunction symptoms and reduce overall CVD risk. 13 However, it is unknown whether the composite CVH metric is associated with endothelial function or later-life erectile dysfunction.
be attenuated or absent after adjusting for endothelial function, suggesting that the maintenance of CVH may protect against erectile dysfunction, at least in part, by preserving endothelial function.
METHODS

Study population
The MESA was designed to study determinants and progression of subclinical CVD in middle-aged and older adults (from 45 to 84 years at baseline exam). Between 2000 and 2002, participants without overt CVD were recruited from 6 field centers for the baseline exam (Baltimore City and County, Maryland; Chicago, Illinois; Forsyth County, North Carolina; New York, New York; St. Paul, Minnesota; and Los Angeles County, California). Random population samples were identified at each field center from lists of area residents; additional details have been published. 15 After screening, 59.8% of those deemed eligible participated in the study. At each site, institutional review board approval was obtained, and participants signed a written informed consent document. Four follow-up examinations have been conducted since the initial exam: exam 2 (2002-2004) , 3 (2004-2005) , 4 (2005-2007) , and 5 (2010-2012) . This study used data from the baseline exam and exam 5.
Participants
Our sample included male MESA participants (n = 3,212) and excluded participants who did not complete the erectile dysfunction survey at exam 5 (n = 1,078), answered "I don't know" to the question about erectile function (n = 138), or were missing erectile dysfunction drug use information (n = 9). For our main analysis, we also excluded men who did not undergo the FMD test at exam 1 (n = 821) and any subjects missing any information needed to calculate the CVH score at exam 1 (n = 30). Our final sample consisted of 1,136 men. Characteristics of men in the study compared to men who did not complete exam 5 are shown in Supplementary Table 1 ; those who did not complete exam 5 (when erectile dysfunction was ascertained) tended to be older, less educated and have a somewhat lower CVH score, and were somewhat more likely African American and have a history of prostate cancer.
Cardiovascular health
CVH was scored as previously described. 16 Briefly, participants received 0 (poor level), 1 (intermediate), or 2 (ideal) points for each health behavior (diet, physical activity, body mass index, and nonsmoking) and health factor (fasting glucose, BP, and total cholesterol). A composite score was calculated, ranging from 0 -14, representing lowest to highest CVH. This continuous score was then stratified into low (0-7 points), moderate (8-11 points) , and high (12-14 points) categories, as in prior studies. 17 Smoking history was determined by self-report. A food frequency questionnaire was used to assess diet, and a detailed, self-report survey was used to measure physical activity. Body mass index was calculated from height and weight. BP was measured in the seated position in triplicate, with an average of the final 2 readings included in analysis. Total cholesterol, low-density lipoprotein and high-density lipoprotein cholesterol, triglycerides, and glucose were measured in plasma following a 12-hour fast. For a more detailed description of data collection, please visit the MESA website: https://www.mesanhlbi.org/.
Brachial artery FMD
Brachial artery FMD was obtained using ultrasonography at baseline. Participants fasted for at least 6 hours before undergoing measurement in the supine position following 15-minute rest. BP and pulse rate were measured in the left arm at 5-minute intervals throughout the examination with an automated sphygmomanometer (Dinamap). A standard BP cuff was positioned 2 inches below the antecubital fossa of the right arm. The artery was imaged 5 to 9 cm superior to the antecubital fossa using a linear-array transducer at 9 MHz (GE Logiq 700 Device). Baseline images were collected (for 20 seconds prior to cuff inflation and 10 seconds after cuff inflation), and then the cuff was inflated to 50 mm Hg above the participant's systolic BP for 5 minutes and then rapidly released. The digitized images of the brachial artery were captured again for 10 seconds prior to cuff release and for 90 seconds after cuff release (105 seconds in total) to ensure the maximum vasodilator response was captured. More details regarding the scanning and reading protocol are found on the MESA web site (www.mesa-nhlbi.org).
FMD was calculated as [(maximum diameter − baseline diameter)/baseline diameter] × 100%. We included %FMD because it is predictive of other cardiovascular events. 18 Reproducibility was tested by performing a blinded, quality control re-read of images from 40 MESA subjects. The intraclass correlation coefficients were 0.99 for baseline diameter, 0.99 for maximum diameter, and 0.93 for % FMD. Intra-subject variability was determined by comparing FMD between repeated examinations of 19 subjects on 2 separate visits, 1 week apart. The intraclass correlation coefficients were 0.90 for baseline diameter, 0.90 for maximum diameter, and 0.54 for % FMD. Technical error for baseline and maximum diameters and %FMD were 1.39%, 1.47%, and 28.4%, respectively.
Determination of erectile dysfunction
Erectile dysfunction was defined as a response of "Never Able" or "Sometimes Able" to the question "Ability to get and keep an erection for satisfactory intercourse, " or the use of erectile dysfunction medication. This method of obtaining erectile dysfunction status has been validated and has been used in other large, national cohort studies. 19, 20 
Covariable measurements
Education, chronic disease diagnosis, and medication use were determined by self-report. The center for epidemiologic studies depression score (CES-D) was used to quantify depressive symptoms. 21 Heavy drinking status was defined as >14 drinks per week and included because alcohol intake has been associated with erectile dysfunction. 22 
Statistical analysis
Differences in subject characteristics and prevalence of erectile dysfunction across categorical CVH categories were evaluated using an analysis of variance, Kruskal-Wallis, or chi-square test, as appropriate. We used Poisson regression (with the robust option to control for mild violations of underlying assumptions) to determine prevalence ratios and estimate associations of continuous and categorically defined CVH with erectile dysfunction in an unadjusted model, model 1, after adjustment for FMD, Model 2, and after fully adjusting for covariables: study center, age, race, educational attainment, diagnosis of chronic disease (cancer-including prostate cancer, kidney or liver disease, emphysema), use of antidepressant or beta-blocker medications, CES-D score, and heavy drinking, Model 3. We tested for FMD interactions by race in model 3, based on the observation that African-Americans have impaired resistance vessel function compared to Caucasians. 23 We compared prevalence ratios and beta coefficients for CVH before and after the addition of FMD to the model to determine whether associations of CVH with erectile dysfunction were reduced or absent once FMD was added to the model. We then stratified our cohort into 4 age groups: 45-54, 55-64, 65-74, and 75-84 years at baseline, and tested whether CVH was associated with erectile dysfunction in each age group. Finally, we used an analysis of variance with post-hoc Scheffe correction to test for differences in proportion of men with erectile dysfunction between CVH categories in the 4 age groups to determine whether youngest men with low CVH experience erectile dysfunction at the same rate as the oldest men with high CVH. STATA version 14 (College Station, TX) was used.
RESULTS
Study sample and baseline characteristics
In our sample, participants with high CVH tended to be younger and completed more levels of education compared to those with low CVH. Rates of heavy drinking and prostate cancer were similar across groups (Table 1) . Antidepressant use at the time of erectile dysfunction report (exam 5) was the same (P = 0.57) across categories: 7% in men in the low category, 6% in the moderate category, and 4% in the high category.
Flow-mediated dilation
Participants with high CVH had higher FMD compared to those with low CVH (Figure 1) , indicating better endothelial function in the high compared to low CVH group. FMD at baseline was also associated with erectile dysfunction 9 years later. Participants without erectile dysfunction at exam 5 had higher FMD at baseline than participants with erectile dysfunction (4.3 ± 0.1% vs. 3.7 ± 0.1%, P < 0.0001).
Baseline CVH and erectile dysfunction at follow up
Erectile dysfunction was prevalent in 526 of our 1,136 participants (46%) by exam 5, 9 years after baseline. Prevalence of erectile dysfunction was lower with higher baseline CVH: 233/387 (58%) in men with low CVH, 277/670 (41%) in men with medium CVH, and 26/79 (33%) in men with high CVH, P < 0.001 for trend.
When we stratified the men into 4 groups according to baseline age, the unadjusted association between CVH category and erectile dysfunction was significant in the youngest men (Figure 2a) , with similar trends but lower power among older men.
The percentage of men with erectile dysfunction at exam 5 was lower with greater CVH total at baseline, from 100% of men with a total score of 1 or 2 to 15% of men with a total score of 13, P < 0.001 for trend (Figure 2b ).
Multivariable analyses
In unadjusted models (model 1 and 2), both CVH (represented either by category or point score) and FMD (b = −0.11 ± 0.03, P < 0.001 when included in a model with Heavy drinking is defined as >14 drinks/week for males, *indicates a difference between categories, P < 0.05.
CVH category and b = −0.11 ± 0.03, P < 0.001 in the model with CVH point total) were associated with subsequent erectile dysfunction (Table 2) .
However, in a model adjusted for demographics and other risk factors (model 3), CVH (category and total score), CES-D score, and age, but not FMD or race, were associated with erectile dysfunction (Table 3) . Antidepressant medication use was only independently associated with erectile dysfunction in the model with CVH category.
The association between CVH and erectile dysfunction persisted when we included all men with the information needed to calculate CVH at exam 1 and erectile dysfunction at exam 5, including those without FMD data, n = 1,844 (Supplementary Table 2 ).
Sensitivity analysis
When we stratified by 4 age groups (45-54, 55-64, 65-74, and 75-84 years at baseline), the prevalence of erectile dysfunction was similar between the youngest men with low CVH and the oldest men with high CVH, P > 0.05 for difference between groups, Figure 2a .
DISCUSSION
The main finding of this study is that CVH status is associated with future erectile dysfunction. This association persisted even after adjustment for age and other clinical and demographic factors. Men with high CVH had better endothelial function than men with low CVH at baseline, and baseline endothelial function was better in men without (vs. with) future erectile dysfunction. The CVH-erectile dysfunction association also persisted even after adjustment for endothelial function measured at baseline and adjustment for other potential confounders. In contrast, the endothelial function-erectile dysfunction association was abolished in our fully adjusted model. This suggests that CVH is associated with future erectile dysfunction, independent of FMD. This is the first study to demonstrate that CVH is associated with both endothelial function and future erectile dysfunction. These findings may be anticipated as the differences in endothelial function between men with and without erectile dysfunction are in line with existing literature reporting that endothelial and erectile dysfunction are linked. 12, 13, 24 Both endothelial and erectile dysfunction have also been associated with future CVD. 13 Although we did find a difference in endothelial function between men with the low vs. high CVH, the actual mean difference was only 0.6%, and the clinical significance of a difference of this magnitude is not known.
An earlier study in MESA participants reported that men with lower FMD scores, and those with scores below the 25 th percentile were more likely to have erectile dysfunction. 25 Similar to our findings, low FMD score did not significantly associate with erectile dysfunction in a fully adjusted model. 25 The authors speculated that this could be owing to the technically difficult nature of the FMD measurement. 25 We also believe that adjusting for age may have negated the endothelial function-erectile dysfunction association because age is so consistently associated with endothelial dysfunction 26 and was strongly (P < 0.001) and independently associated with erectile dysfunction in our study. It is possible that the reduction in endothelial function with age contributes to the higher prevalence of erectile dysfunction among the older men.
Associations between CVH and erectile dysfunction, independent of the presumed intermediary (endothelial function), is somewhat unexpected but not unprecedented. Although residual confounding due to FMD measurement error is possible, Xanthakis et al. also found a persistent association between CVH and incident CVD events after adjustment for factors presumed to be in the casual pathway between CVH and CVD. 27 In our study, it seems that although the effect of some of the components of CVH (i.e., smoking) on erectile dysfunction may by mediated by endothelial function, the composite CVH score is a broader measure that can be obtained through different combinations of factors, some of which are independent of endothelial function. The results from Xanthakis, et al., and our study suggest that the value of the composite CVH score may provide greater information than a simple sum of the individual components. 5, 27 Associations between CVH across the lifespan and other forms of future subclinical and clinical CVD have been previously demonstrated. 5, 28 The CVH score has also been associated with incident cancer in older adults. 29 This study adds to the body of literature that links CVH score not only to subclinical and clinical manifestation of CVD, but also to other diseases related to lifestyle (cancer) and conditions that affect overall quality of life for men (erectile dysfunction). Maintaining optimal CVH appears to be a viable strategy for avoiding a variety of adverse health outcomes.
Both behavioral and clinical components of CVH have been linked to erectile dysfunction in earlier studies. Bacon et al. found that alcohol consumption, physical activity, and body mass index were associated with erectile function in men over 50 years after excluding men with prostate surgery. 30 Physical activity has been shown to effectively prevent or treat erectile dysfunction in clinical populations. 8, 9, 31 Another study linked dietary factors, such as: alcohol, nut and vegetable consumption, to erectile dysfunction. 22 These and our studies provide strong evidence for addressing multiple potentially causative pathways in both the lifestyle and clinical domains to combat erectile dysfunction prevalence and severity and reduce CVD risk.
Our study is limited by the single time point measurement of erectile dysfunction, so we are unable to determine if differences at baseline or changes in CVH over time associate with incident erectile dysfunction or changes in prevalence of erectile dysfunction. We used a brief, validated survey to determine self-reported erectile dysfunction status rather than an objective measurement of penile blood flow or use of a multidimensional measure of erectile dysfunction (International Index of Erectile Function (IIEF) Questionnaire). There were also few men (especially older men) in the highest category of CVH compared to number of men in the moderate and low categories. The intraclass correlation coefficient for FMD in this study is also very low in MESA, which may have resulted in sizeable misclassification; this could have biased our FMD-erectile dysfunction results toward the null, leading to underestimation of the association. Thus, we cannot rule out a residual association of FMD with future erectile dysfunction in MESA men. A strength of our study is the large, well-characterized sample that includes participants from 4 different race groups in various cities across the United States.
We observed that having higher CVH is associated with better vascular endothelial function concurrently and Model 3 includes FMD score, age, study center, education, heavy drinking, diagnosis of chronic illness: kidney or liver disease, emphysema, cancer (including prostate cancer), CES-D score, use of antidepressant medication, and use of beta-blocker medication. Prevalence ratios for erectile dysfunction by CVH category or 1-unit increase in total CVH point total. Abbreviations: b, beta-coefficient; CES-D, center for epidemiologic studies depression score; CI, confidence interval; CVH, cardiovascular health; FMD, flow-mediated dilation; PR, prevalence ratio. *P ≤ 0.01. reduced prevalence of erectile dysfunction after 9 years of follow up. CVH is significantly associated with future erectile dysfunction independent of endothelial function. Younger men (age 45-54 at baseline) with low CVH have a prevalence of erectile dysfunction that is similar to older men (age 75-84 at baseline) with high CVH. Maintaining high CVH in middle and older age may not only reduce CVD risk and vascular aging but also improve quality of life for older men.
SUPPLEMENTARY MATERIAL
Supplementary data are available at American Journal of Hypertension online.
